Supply chain management is a crucial task of managing large organizations. In a decentralized supply chain each member focuses on maximizing his own profit. As a result of it, the conflict between the manufacturer and the retailers will arise. To avoid this sort of situations, coordination model strike a balancing between the profit of manufacturers and retailers. This paper investigates a two echelon supply chain system which consisting of one manufacturer and multiple retailers. Using the mathematical modeling a coordination model which maximizes the total profit is developed and analyzed for deteriorating items. The optimal pricing and ordering policies of the model are also derived. A sensitivity analysis with respect to the parameters and costs is also presented. This model lower down the total cost of supply chain and increases the general profit. It also improves cooperation for both manufacturer and retailer.
INTRODUCTION
In this present competitive business environment, Supply Chain Management plays a dominant role due to its ready applicability in many practical situations arising at places like production processes, ware houses, market yards etc., In manufacturing and production processes the inventory control is very important. Hence several inventory models have been developed and analyzed independently for manufactures and retailers through EPQ and EOQ models respectively. These models are widely used for several inventory systems if we consider the retailer"s inventory is independent of manufacturers inventory Goyal & Giri (2001) In developing these EOQ or EPQ models the life time of the commodity is considered to be very important. Different inventory models for deteriorating items for single echelon are developed by various researchers. However, in a decentralized supply chain if each member focuses on maximizing his own profit it will conflict the efficiency of the supply chain since the inventory levels of retailers and the producers have interdependence. Taking this into consideration, coordination models of supply chain are developed. Recently to utilize the resources more effectively Cachon G.P.
(2002) has reviewed on setting supply chain coordinating contracts.
In coordination models for supply chain vendor managed inventory strategy, quantity flexibility scheme, discount scheme, return policies etc., developed supply chain under vendor managed inventory. They assumed that the rate of deterioration is constant and demand is also constant for retailers. However, in many practical situations dealing with food processing industries the demand is a function of time at retailer"s level. The influence of time on demand can be characterized through a power pattern.
The power pattern demand includes several types of demand including constant rate, increasing and decreasing rates depending up on the pattern index. Hence, in this paper a two echelon supply chain model is developed with the assumption that there is one manufacturer and multiple retailers. By maximizing the system total profit under coordination of manufacturer and retailers through the price discount model proposed by Abdullah Eroglu (2007) . Here it is assumed that the demand rate at retailer"s level is a function of time and follows a power pattern. It is also further assumed that the life time of commodity is random and having exponential distribution. The optimal operating policies of the Supply Chain are derived and analyzed.
ASSUMPTIONS AND NOTATIONS
The mathematical model is developed based on the following assumptions: i) One manufacturer and n 1 retailer are considered for a single product, and the retailers have the same characteristics.
ii) The manufacture production is a typical Make to order production mode.
iii) The demand rate at any time "t" is
Where "r" is the fixed quantity, n is the parameter of power demand pattern, the value of n may be any positive number. T is the planning horizon. iv) Shortages are allowed for the retailers, and the unsatisfied demand (due to shortages) is completely backlogged.
v) Replenishments are instantaneous, and the lead-time is assumed to be negligible.
vi) In the retailer"s on-hand inventory, deterioration occurs once the item is bought. Deterioration rate is a known constant, and the deteriorated units are not replaced.
vii) The manufacture production rate is finite and constant. It is unaffected by the lot size.
viii) Shortage is not allowed for the manufacture. Therefore manufacturer"s production rate is greater than the demand rate and the number of units deteriorated per unit time.
ix) For the retailers, the inventory holding cost per unit per unit time, the ordering cost per replenishment, the disposal cost of amelioration per unit, the shortage cost per unit, the purchase cost per unit are known and constant. For the manufacture, the holding cost per unit per unit time, the setup cost per replenishment, and the item cost per unit are known and constant.
We use the following notation throughout the paper: n 1 number of retails θ The constant deterioration rate, 0 < θ < 1 k Price discounting coefficient
Manufacturer"s production rate, 
COORDINATION MODEL

Retailers Inventory Model
In this section we develop the coordination model of the two echelon supply chain based on price discounts. For obtaining the coordination model, we first derive the retailers profit in a replenishment cycle utilizing the retailer"s inventory model. In the retailers inventory model we assume that there is an initial replenishment and the inventory level reaches max. Level at t=0. During the period 0 to t 1 the inventory decreases due to deterioration and demand and reaches to zero at time t=t 1 .
During the period t 1 to T there is a "-ve" inventory due to shortages since shortages are allowed and fully back logged. The schematic diagram representing the Inventory level I(t) is shown in figure 1. 
Inventory level I(t)
Q
= − −
The total cost for the retail during the replenishment cycle consists of the ordering cost (C o ), the backlog cost (C s ), the holding cost (C h ), the purchase cost (CP) and the disposal cost (C d ). The retails revenue is denoted by C g .
1.
There is an initial replenishment at the start of the cycle then the ordering cost is
2. The backlog cost during the replenishment cycle is 
6. The retails revenue is
So, the retailers profit in a replenishment cycle is
The necessary conditions for optimality The retailers economic order quantity for maximum profit is
Hence the retailer"s maximum profit is * = 1 − + 
Manufacturer's Inventory Model
The manufacturer"s inventory model is developed based on retailer"s orders. Assuming that there is no deterioration at manufacturer"s inventory level. The manufacturer"s optimum profit is derived through the setup cost, holding cost and production cost.
The production lot-size per cycle is 
So the optimum order times is
Then the manufacture"s maximum profit is
With the retailers inventory model and the manufacturers inventory models discussed in sections 3.1 and 3.2, we have the total revenue of the supply chain under decentralized decision is ∅ 1 =TCR*+TCM*= 
Lot sizing Coordination Model Based on Price Discount
In the equation (23) it is observed that this maximum revenue of the supply chain does not satisfy both retailer and manufactures, since there is no coordination between the two and both TCR and TCM are optimized separately. But 1 ≠ 1 1 in general as a result of it the manufacturers cost will greater and profit will less than that of the optimum lot size point due to order production mode. But in price discount strategy of the supply chain the coordination between the manufacturer and the retailer is done when the manufacturer stimulate the retailers to order more close to the 1 derived in production inventory model by offering price discounts. In this paper we propose to utilize the
This model considers both quantity increased discount and quantity decreased one, and reduce the retailer"s benefit when the retailer makes a false report of 1 on the condition of information dissymmetry.
Further, at the same time the manufacture obtains the optimum profit, it is necessary to make retailers cooperate with pleasure that the retailer"s profit should not less than that of noncooperation condition, and the retailers cost does not increase.
The coordination objective here is to maximize the total profit of supply chain, by determining the discount coefficient k, order lotsize Q r and production lot-size Q s . Equation, (7) indicates that the value of Q r is a function of variable t 1 , and Eqn. (20) is a function of variable T. Hence the mathematical model for inventory-production system is presented below. 
The objective function seeks to maximize total profit. Constraints (26) and (27) ensure the Pareto improvement for both cooperation sides. Constraints (26) and (27) guarantee the rationality of price constraint (30) implies that the manufacture will not be out of stock.
Restrictions (31-34) are from the previous section.
NUMERICAL ILLUSTRATION
To illustrate the developed model, we consider a system with one manufacture and three retailers, i.e. n 1 =3. The relevant parameter values are shown in Table 1 . The optimal solution of the system is presented below.
1) On condition of decentralized decision, the retailers actual order quantity is the economic order quantity 1 = 6.7401, and the corresponding maximum profit TCR=17.2936. The corresponding manufactures production lot-size 1 = 60.1087, and the maximum profit TCM=134.8146.2) with coordination method, we obtain t 1 =0.4042, k =0.18, T = 0.8945. 1 = 20.0362, and the retailers maximum profit TCR=51.8810. The corresponding manufactures production lot-size 1 = 94.5801 , and the manufactures maximum profit TCM=404.4437. From Table 2 It is observed that, based on decentralized decision 1 − 1 1 > 0, the manufacture adopts quantity increased discount policy. Both the retailers and the manufactures profit increased. Therefore, from the economical point of view, the coordination mechanism is effective.
SENSITIVITY ANALYSIS
The sensitivity analysis on the effects of changes in the model parameters such as the rate of deterioration, retailers inventory holding cost, manufacturer"s inventory holding cost, manufacturer"s setup cost, retailers backlog cost, retailers disposal cost for deteriorating items, retailers ordering cost, manufacturer"s production rate, by changing each of the parameter by -15%,-10%,-5%,0%,+5%,+10%,+15% and keeping the other parameters unchanged is carried for the model under consideration. The results are presented in tables 3 and 4. The following observations are made from tables 3 and 4. 1. It is observed that as the deterioration rate increases the net profit is decreasing when other parameters remains fixed in both coordination and non coordination models whereas this decrease in coordination model is less compared to that of non coordination model. This is because there is cooperation between retailer and supplier.
2. Similarly regarding the holding costs of retailers and producers the profit for both the models is decreasing when the costs are increasing. This decrease in profit is small in coordination model compared to that of non coordination model. 3. With respect to the increase in other costs like manufacturers set up cost (Cs), disposal cost for deteriorating items (C rd ), the profits in both the models are decreasing when other parameters remain fixed. This rate of decrease in profit for coordination model is small compared to that of non coordination model. 4 . With respect to increase in the retailers backlog cost (C rl ) the profit for both the models is increasing, when retailers ordering costs (C ro ) increases profit for both the models is not effected and when production rate (Ps) increases the profits for both the models are increasing. With the sensitivity analysis one can understand that the supply chain profit and optimal ordering quantities of the manufacturer and retailers are tremendously influenced by deteriorating parameter and costs. This model is much useful for scheduling the supply chain of several products in industries dealing with deteriorated items. This model can also be extended for different types of demand at retailers and manufacturer levels which require further investigations. 
CONCLUSION
Two-echelon supply chain scheduling is an important consideration for both manufacturer and retailers. In this paper a coordination model for a two echelon supply chain with price discounts is developed and analyzed under the coordination between manufacturers and retailers. It is also assumed that the item under consideration is subject to deterioration. By using the differential equations the instantaneous state of inventory at retailer"s level is derived. With suitable cost considerations the total supply chain revenue (profit) with respect to decentralized decision and coordination with price discount are derived. By minimizing the total profit the optimal ordering policies of the supply chain are obtained. It is observed that the coordination model is more cost effective compared to the non coordination model.
A sensitivity analysis of the model with respect to the parameters and costs is also included to study the effect of change in input parameters. This model is much useful for scheduling the supply chain of several products in industries dealing with deteriorated items. This model can also be extended for different types of demand at retailer and manufacturer levels which require further investigations.
